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+-35r ��iRJMHIV-WnYMYZS-VKfgJZWDL�O@QTW�h�JM[@S-H©^P�I^�}�fgW±JMXO@YMS-XS-Lgfc^���V-YM¬n��µ�JMLgfgS�QTkl^DV�SaWDLÃfgWnO
Wnk4^« É�É ^DO@ORYMJMV�^*fgJZWDL�]g}�j@HTJZL@N^ /��
þ .�$�������� ^nHÄ^P]@^nHTSbV-YM^nHTHTC

u-v0³2?@u-; ��iRJMH`V-WDYZYMS-V|fgJMWnL�O@QKW�hÚJZ[@S-HIV-YZ^DHKHTS-HIklWnQ`S-H�f-^D]@YZJMHTiRJML@N�V-WnL@L@S-VKf-JMWnL@H²fgW�^nL@[
QKSKfgQKJMSKh�JMLRNa[@^�fg^klQTWDX �n}Ú]R^DHTS`[@^�fg^n]@^DHKS©fg^D]RYMS-HKC

u-.03��7;
+ ��i@JZH\V-WnYMYMS�VKfgJZWDLÞJMHbf-i@S�HKW5V¼µ5S|fmÉ�ÉaV-YM^nHTH\YZJM]@QK^DQ~}Â�ciRJMV*iÐV-^nLå]wS�jRHTS-[¨f-W
V�QTS-^�fgJMLRNPV-WDXXPj@L@JZV-^*f-JMWDL�V-WnL@L@S-V|fgJMWnL@H�h�JM^PHTW5V*µ5SKf-HT½0O@JZOwS�HT½0^DLR[�� � ^DH��®S-YZY
^nHÄV�YM^DHKHTS-H�klWnQ�klWDQKµ�JZL@N·ORQTW5V-S-HKHTS-HKC

EnE



� r"+�;�, ��i@JMH²JMH�^P[@JZQTS-VKf-WDQ~}ÃV-WnL�f-^DJMLRJML@NÙhR^nQTJZWDj@H²V-YM^nHTHTS�Ht^DLR[\QTWnjnfgJZL@S-H2f-i@^*fIV-^DL±]wS
jRHTS-[ÑfgW�^nÜ7S-VKfaf-i@S�QTS-^n[@JMLRN�JML�WnQPWDjnf-O@jnf¹WDk�]7S-^DXYMJZL@S-HKCÂ��iRJMHP[@JZQTS-VKf-WDQ~}
V�WDLgfg^DJZL@HT½²klWDQPSKÛ�^DXO@YZS-½�QTWDjmfgJMLRS-HaklWnQPV-WDLghwS-Q�f-JML@N���§I{ JMLRO@jnfÃ[RS-V¼µ
H`JMLgfgW
ÓRYMS-H�f-i@S`V-YM^nHTH�YMJZ]@QT^nQTJZS-HtV-^nL�QKS-^D[@C

�¹è-é �ãì-ðÚñàó6i4ô¹ð�� ö-ù��ôposi
�2Wai@S�YMO©fgiRSÄj@HKS-Q�]7SKfTf-S-Q�L@^�hÚJZND^*f-S�f-i@QTWnj@NDicfgi@S�X·^��-S�WDk�[@JMQKS-VKf-WDQTJZS-HT½mfgi@JZH�HKS-VKf-JMWDL
�cJZYMY7NDJ�hwS�}wWnj`f-i@SINDS�L@S-QT^nY�YZ^Æ}wWnjnfÄWDkRf-i@SI[@JZQTS-VKf-WDQ~}¹H�fgQKj@VKf-j@QTSIWnkRfgi@S©V-YM^nHTHtYZJM]@QK^DQ~}
HKWDj@QKV-S`V-W5[@S-C

ÔÖi@S-L®fgiRSÄHKWDkf��®^nQTS�V-YM^nHTHTS�H¿^DQKSÄV-WnX·ORJMYMS�[@½nfgiRSK}ÃO@QKW5[@j@V-S©YMJM]RQT^DQKJMS-Hª�ci@JZV¼iV-^DL
]7SYMJMLRµ5S-[�JMLgfgWbf-i@S·jRHTS-QKáMHIO@QKWDNnQT^DXC���i@S-HKSPYMJM]RQT^DQKJMS-H©QTS-HKJM[@SbJML�WDLRS·Wnk2fgiRSPHTj@]nU
[@JZQTS-V|fgWDQKJMS-H²WDk�f-i@S r"6�³ [@JZQTS-V|fgWDQ~}ÑJZL¶fgi@S�� Ç ÊI§I¡0e�æ`æ`�ä[@JZQTS-V|fgWDQ~}�[@S-O7S-LR[@JML@NPWnL
f-i@S�O@YM^�fgklWDQKX ^DL@[�V-WDXO@JMYZS-QPj@HKS-[ÑfgW�V-WnX·ORJMYMScfgi@S-XC ��i@S-QTS�^nQTSf-i@QTS�S¹HKj@]7[@JºU
QKS-VKfgWnQTJZS-H`j@L@[@S-Q©f-i@S r�6"³ [@JZQTS-VKf-WDQ~}�� r�6"³w�7<7353 ½ r�6"³w�7u-14) ^DLR[ r�6�³��7u-<76 C���i@JMH r�6�³
[@JZQTS-V|fgWDQ~}·f-QTS-S©JMHt^njnfgWnX·^�fgJZV-^DYZYº}�V-WDL@H~fgQKj@VKfgS�[b�ci@S-L�JMHKHTj@JZL@NP^ �������åü����
û�� klQKWDX
f-i@S�� Ç ÊI§©¡0e�æcæ`� [@JMQKS-VKf-WDQ�}5C

��^DV*i>Wnk�fgi@SX^n�|WDQ`V-YZ^DHTHbH�f-QTj@VKf-j@QTS�Hc^n]7WÆhwSV-WnL�f-^DJMLRHc^�[@JMQKS-VKf-WDQ�}�H�f-QTj@VKf-j@QTS
f-i@^*faV-WDLgfg^nJML@H�^ u-,�3 ½ 6�)235r"12/4; ½�^nL@[�O7WnHTHTJZ]@Yº}�^DL ?R�4� ^DLR[ r�?@+-+-6�35;�u [@JMQKS-VKfgWnQ�}ÅC

��i@S u�,m3 [RJMQTS�VKfgWnQ�}¹V-WnL�f-^DJMLRH2fgiRSIHTWnj@QTV-S©V-W5[@SIklWnQ�fgi@SIOR^DQ�f-JMV-jRYM^DQ�V-YZ^DHKHTS-HÕfgi@^�f
X^Dµ5SPj@OÃfgiR^*f·H�f-QTj@VKf-j@QTS�C¹��iRS 6�)435r�12/4; [@JMQKS-VKfgWnQ�}>V-WnL�f-^DJMLRH�f-i@SV-YM^nHTH`[@S-V-YZ^DQK^*U
f-JMWDLRHaklWDQ©f-i@S\V-YZ^DHKHTS-HbklWDQ�f-i@^*f¹H~fgQKj@VKfgjRQTS-C���iRS ?@�2� [@JZQTS-V|fgWDQ~} V�WDLgfg^DJZL@Ha^nO@O@YZJºU
V-^�fgJZWDL¸O@QTWnNDQT^nX·HÙfgi@^�fÃO@QKJMX^DQKJMYº}>j@HKS·WnQ�f-S-H�f`fgiRS·V-YZ^DHKHTS-H`JML±f-i@S u-,�3 [@JZQTS-VKf-WDQ~}Å½
^nYºfgiRWDj@NnifgiRSK}�X^Æ}�^DYMHKWPQTS-Î
j@JZQTSIW�fgi@S-Q�YMJZ]@QT^nQTJZS-HTC
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Ç JMNnj@QTS`zDCZB{��«�YZ^DHTH�H�f-QTj@V|fgj@QKSc[RJMQTS�VKfgWnQ�}�YZ^Æ}wWnjnfgC

E��



��i@JZH�V¼i@^nOnfgS�Q��cJMYZY@O@QTW�h�JM[@S�^bYMJ�fTfgYZStXWDQKSÄJZL@klWDQKX·^�fgJMWnLP^DHÕfgWØfgi@S�HTO7S-V�JMÓ@V-H�Wnk�HTWnX·S
WnkRfgi@S�X·WnQTSIV�WDXX·WnL@Yº}\j@HTS-[±V-YM^nHTHTS�HtJMLS-^nV¼iWDkRf-i@SI[@JZQTS-VKf-WDQKJMS-H�f-Wai@S�YMO®fgi@SIjRHTS-Q
NnSKfc]7SKfTf-S-Q�^DV-Î
j@^nJMLgfgS-[¶�cJºf-i¶fgi@S`V-YZ^DHTH�iRJMS-QK^DQTV*i@JZS-HTC

�âf��cJMYZY�]7Sai@S�YMO@klj@YÅfgW®fgi@S`j@HKS-Q�fgWL@W�fgS�f-i@^*f�f-i@S`j@L@J�fgH�j@HTS-[�klWnQÄ^nYMY0]7S-^DXYMJZL@S
XS-^DHKj@QTS�X·S-LgfgH²^DL@[�O@^DQ~fgJZV-YMSIOR^DQT^nX·S|fgS-QKH�JML¶fgi@S`V-YZ^DHKHTS-H�^DQKScJZL��r�c��j@LRJºfgHKC

XS-^DHKj@QTS-XS-Lgftf�}�OwS j@L@J�fgH SKÛÚ^nX·ORYMS-H
fgQK^DL@H~hwS-QTHKS XSKfgS-QKH
YMWnL@NDJ�fgj@[RJML@^nY XSKfgS-QKH
^DLRNDj@YZ^DQ QK^D[@JZ^DL@H
V-WnQTQTS�VKfgWnQ�H�fgQKS-L@N�fgi QK^D[@JZ^DL@H
[@JZOwWnYMS`H�f-QTS-LRN*fgi �4S-HKYM^
Î
j@^D[@QKj@O7WDYZSaH�f-QTS-LRN*fgi �4S-HKYM^n¬D��SKf-S-Q
§ h�^DYMjR^D]@YZSaHTWnj@QTV�ScWnk¿JMLRklWDQTX^*f-JMWnL�^DH�fgW®fgiRSaHTO7S-V�JMÓ@V`XSKfgi@W5[RHÄ^�h�^DJZYM^D]RYMS`klWDQ

^bO@^DQ~fgJMV�j@YM^nQ�V�YM^DHKH�JMHÚfgi@S�i@S-^n[@S-Q²Ó@YMS-HKCt��i@S�klWDYZYMW��cJMLRNc[RS-HTV-QKJMOnf-JMWnL@H�WDkRfgiRSÄV-YZ^DHKHTS-H
�cJZYMY5L@W�fÙV-W�hwS-QRfgiRStj@HKStWDk7SKhwS�Q�}aX·SKf-i@W5[P^�h�^DJMYZ^D]@YZS-½
]@jnf2�cJMYMY�f-WDj@V*iPWDLbHTWnX·S�Wnknfgi@S
XWDQKSaV-WnX·XWDL�WDL@S-HKCP§IYºf-i@WDjRNDi±fgiRSa[@W5V-jRX·S-Lgfg^�fgJZWDL�JZL±fgi@SbÓ@YMS�HÄV-^nL�]7SaHTOR^DQTHKS
^�fÄf-JMXS-HT½7XWDH�faWDkªfgiRScXSKf-i@W5[�L@^nX·S�H�^DQTSbHTS-YZkU�S|ÛÚO@YZ^DL@^�fgWnQ�}ÅC

E�d



§IH²X·S�L�f-JMWDLRS-[\JMLcfgi@SIJZL�f-QTW5[@jRVKfgJZWDL@½Åfgi@SIV�YM^DHKHTS-H�V�WDLgfg^DJZL@S-[\JZLbfgiRJMHt[RJMQTS�VKfgWnQ�}�^DQTS
j@HKS-[PklWDQwfgi@S�V-WnL@H�f-QTj@V|fgJMWnLP^DL@[X^DL@JZO@j@YM^�fgJZWDLaWnk
f-i@S�]7S-^DXYMJZL@S-HTC���i@S�]R^DHTJZV�V-WDX®U
O7WDLRS-L�fIWDk�^a]7S-^DXYMJZL@S�JML^DYMY7^nV-V-S-YZS-QT^�fgWDQKH�JMH�^a]7S-^nX·YZJML@S�S-YZS-XS-L�f�^DHtHKWaJ�f©JZHÚ�cJºfgi
f-i@S·V�YM^DHKHTS-H`JZL�f-i@JMHb[@JMQKS-VKfgWnQ�}ÅC���i@S�QTSJMH`^�]@^nHTS\V�YM^DHKH`V-^DYZYMS-[ $��Úþ�� < þ������ �ci@JMV*i
^nYMY0W*f-i@S-Q�V-YZ^DHKHTS-H�JML@iRS-QTJ�f®klQTWnX fgiR^*faV-WDLgfg^nJML@H�]@^nHTJZVaJMLRklWDQTX^*f-JMWnL¹^n]7WDjnfà^P]7S-^nX`U
YZJML@SPS-YZS-XS-L�faHTjRV¼i¸^DHbJºfgH`L@^nX·S�½�YZS-L@N�fgi@½²H�fgQKS-L@N�fgi@½²^DYMJZNDL@XS-Lgfà^DLR[�X·S|fgi@W5[@HØf-W
^nV-V-S-HKHt^DLR[¹XW5[@JZk}\fgi@JZHtJZL@klWDQKX·^�fgJMWnL@C�§IYZYwW�fgi@S�Q�]wS�^DXYMJMLRSIS-YMS�X·S-LgfTU�f�}ÚO7S�V-YZ^DHKHTS-H
Ì ����	���� ½  ���	���� ½ �ý�	���� ½�S|fgV-CZÍcJZL@i@S-QKJºfÙklQKWDX f-i@JMH¿]R^DHTS�V-YZ^DHTH�^nL@[·S|Û�f-S-L@[©fgiRJMH�V-YM^nHTH
^nHÄL@S�V-S-HTHK^DQ~}ÅC

��i@S`j@HKS-QtV-^nL�X·^nµ5SIJML@H~fg^nL@V-S-H�Wnk7h�^DQKJMWnj@H $���þ�� < þ������ V�YM^DHKHTS-H�]Rjnfcj@LgfgJMYyf-i@SK}
^nQTS®fgJMS�[±fgWDNnSKfgiRS-QT½�f-i@SK}Â^nQTS©�|j@H~f±[RJMHTV�WDL@L@S�VKfgS-[�Wn]R�|S-VKf-HTC\§IH©JML¸^¹QKS-^DY�X·^nV¼i@JZL@S
�ci@S�QTS�]7S-^DXYMJZL@S�S-YMS-XS-LgfgH�^DQTS�O@jmf4f-WDNDS|fgi@S-QªfgW�X^Dµ5S¿^I]7S-^nX·YZJML@S�½5HTW $���þ�� < þ������ H
^nQTSO@jnf`fgWnNDSKf-i@S-Q�f-W�X·^nµ5S·^ $������Úþ�	���� C·§ $������Úþ�	���� JZH`^�V-YZ^DHTHØf-i@^*f\JML@i@S�QTJºf-H
klQKWDX ]wW�fgi $���þ�� < þ������ ^nH©�®S-YZY�^nH·^�V-YM^nHTHPL@W�f¹JML�f-i@JMHP[RJMQTS�VKfgWnQ�}ÂV-^nYMYMS�[ Úþ�	
ü��
�ci@JZV¼i�JZHI^�[@WDjR]@Yº}
U�YZJML@µ5S�[�YMJZH�f-C·��i@S $�������þ�	���� V-YM^nHTHIJZL@i@S-QKJºf-HIklQTWnX $��Úþ�� < þ������
]7S-V-^nj@HTSÃ}wWDjåV�^DLåV-WnL@H�f-QTj@VKf>^ÞV-WnX·O@YZSKÛä]7S-^DXYMJZL@S�S-YZS-XS-L�f�j@HKJML@N $��Úþ�� < þ������
V-WnX·O7WnL@S-LgfgHt^nL@[\NnQTWDjRObfgi@S�X fgWDNnSKfgiRS-QtJZL�f-Wc^ $������Úþ�	���� ^nL@[\^D[R[\Jºf�fgWb^DL@W�fgi@S�Q
]7S-^nX·YZJML@S-½ÅfgQKS-^*f-JML@NPJ�fc^DH�^P]wS�^DXYMJMLRScS�YMS-XS-LgfgC

��i@S $�������þ�	���� V�YM^DHKH�^nYMHTW�JML@iRS-QTJ�fgH�klQTWnX �þ�	
ü�� ]7S-V-^nj@HTS�^�QTS-^nY`X·^nV¼i@JZL@S
]7S-^nX·YZJML@S�JMHPQKS-^DYZYº}Ð^��ZYMJZH�fgá²WDkI]7S-^nX·YZJML@S�S-YZS-XS-L�f-H��ci@S�QTS�klWDQS-^DV*iÞS-YMS�X·S-Lgfg½²Jºf
JZH\V-YMS�^DQ®�ci@^*f\f-i@S�O@QKSKhÚJZWDj@H^DLR[äL@S|Û�f�S-YMS�X·S-LgfgHP^nQTS-C_�2WÞ^D[@[åS�YMS-XS-LgfgH©fgW¨^
]7S-^nX·YZJML@S-½�JºfcJZHÄL@S�V-S-HTHK^DQ~}\fgWX·^nµ5SI^DL�JML@H~fg^nL@V-SaWnk7f-i@SaWn]R�|S-VKf�f-W·]7S`^D[@[RS-[�^nL@[
f-i@S-L�WnL@S\V-^nLÂjRHTSbf-i@S $������Úþ�	����6Z�Z������
����6D�E XSKfgiRW5[�fgW�^n[@[�fgiRS\S-YMS�X·S-LgfIf-W
f-i@S`]wS�^DXYMJMLRS-C

§IHbf-i@S�]7S-^DXYMJZL@S�JZHb�|j@H~f�^Þ[@YMJZH�f�WDkaS�YMS-XS-LgfgHT½©WDL@S�V-^nLå^DV-V�S-HTH\HKS-Î
j@S-LgfgJM^nY

E�c



S-YZS-XS-L�f-HPWDÜqWDkØf-i@S�YMJZH�f�]g} j@HKJML@N¹fgi@S �þ�	
ü�� 	�����ý�����ÿgý Cq��i@JZH¹V�YM^DHKH\i@^nH¹^nL
W�hwS-QKYMWD^n[@S-[�XSKf-i@W5[ �þ�	
ü�� 	����gý����ÚÿgýRZ�ZTÿ����gý
���wÿ�ý6D�E�D�E fgi@^�fÑQKSKfgjRQTL@HP^  Úÿ�	��d
O7WDJZL�f-S-Q²f-WfgiRSPWD]R�|S-VKfPWDL�f-i@S Úþ�	
ü�� C·��L±f-i@S·V�W5[@S·S|ÛÚ^nX·O@YZSa]7S-YZWÆ�c½Úf-i@S·^n]7WÆhwS
W�hwS-QKYMWD^n[@S-[bWDO7S-QT^�fgWnQ�JZH¿j@HKS-[PJML©f-i@S ����	
þ�� YZW5WDO®fgWIO7WnJMLgf�f-W²fgiRS�L@SKÛ
fØS-YZS-XS-L�f�WnL
f-i@S �þ�	
ü�� ^nL@[a^nHTHTJZNDLPJ�f4f-WÄ^ $���þ�� < þ������
d C4�âf�JZH7f-i@StQKS-HTO7WDLRHTJM]RJMYMJ�f�}¶Wnk5f-i@S�j@HTS�Q7f-W
V-^nH�f2fgi@JZH  �ÿ�	�Qd OwWnJMLgfgS-QªfgW�V-YZ^DHTHwf|}�O7StWnQTJMNnJML@^nYMY�}àO@jnftWDL©f-i@S �þ�	
ü�� C¿�RJML@V-S²^DYZY�Wnk
f-i@SI]7S-^DXYMJZL@S�S-YZS-X·S�L�f-H�JZL@i@S-QKJºfÙklQKWDX $���þ�� < þ������ ½gfgi@S|}¹^DYMY7i@^�hwS²f-i@S�X·SKf-i@W5[@H�Wnk
f-i@JMH0V-YZ^DHKH4[@S�Ó@L@S-[@C²«�^DH~fgJMLRN�f-W�f-i@JMH2]@^DHKStV-YZ^DHKH4^nYMYMW��cH0^nV-V-S-HKH7f-W�f-i@S�]@^DHKStXSKfgi@W5[RH
klWnQ�fgi@^�f®V-YZ^DHTH��ciRJMV*i·JZH�j@HTj@^nYMY�}ÑHKj@Ï·V�JMS-LgfÄklWDQtXWDH~fcO@j@QKOwWnHTS-HKC Ç WnQtJMLRH�fg^nL@V-S-½Åfgi@S
j@HKS-Q�V-^DLS-L@Î
j@JZQTS�WDkRf�}�O7S�WDkRfgiRSÄWn]R�|S-VKfÙj@HKJML@NÙfgi@S $��Úþ�� < þ������eZ�Zb/�1����
D�E XSKfgi@W5[
^nL@[·]R^DHTS�[\WDL®fgi@S�áºf�}�O7S-á�Wnk
f-i@JMH�]7S-^DXYMJZL@S�S-YZS-X·S�L�ftS-YMS�VKf4f-W�f-^Dµ5S�HTO7S-V�JMÓ@V�^nVKfgJZWDL@C
§IL±SKÛÚ^nX·ORYMS²�IWDj@YZ[\]7ScÓRL@[@JMLRNPWDjnfcJZkRfgi@S $���þ�� < þ������ O@QTS-HKS-LgfgYº}¹O7WnJMLgfgS-[bf-W©�®^nH
Wnknf�}ÚO7S�áMi@XWDLRJºfgWnQTáwÌ~^Äi@WnQTJ��-WDLgfg^nY�}�S-^nX � WnHTJºf-JMWnLa��WDLRJºfgWnQTÍKCt��k�HKWD½nf-i@S�j@HTS�Q4V-Wnj@YM[
f-i@S-L�O@QTJZL�fcWnjnf�fgi@S`L@^nX·S`WDkwfgi@S`i@WnQTJ���WDLgfg^DY�} � ��C���i@S`áºf�}ÚO7S-á�JML@klWnQTX^*f-JMWDL�V-^DL
^nYMHTWP]7S`j@HKS-[bfgWPX^Dµ5S©^DL�áMJZL@klWDQKX·S-[V-^nH�fgáRf-WP^PX·WnQTSI^nO@O@QKWDO@QKJM^*f-S`]wS�^DXYMJMLRSIS-YMS|U
XS-Lgf¿f�}ÚO7S-C Ç WnQ�JML@H~fg^DLRV-S-½7JMkÅfgi@S ��1�����D�E XSKfgi@W5[±QTSKf-j@QTL@S�[P^aáMHK]7S-L@[@ánf�}�O7S-½yfgi@S-L
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SKf-S-QTH�Ì�HTJZX·JZYM^nQbfgWÞ���cJMHKHTÍ�klWDQ�^ÞV-Wnj@O@YMS�[äYZ^*fTf-JMV-S�^DL@[»fgiRS ) H�9 ÿ
þ� ���ý V-YM^nHTH�klWDQ
V-^nYMV-jRYM^*f-JML@NÙfgi@S`WnQT]@J�fg^DY2ÓnÛ�S-[@O7WDJZL�fcklWnQ�^·QKJML@N�U�YZJMµ5S�^DV-V�S-YMS-QK^*f-WDQTC
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��i@S�HTS�Q�hwS-Q�V-WnYMYMS�VKfgJZWDLPWDk0V�YM^DHKHTS-H�V-WnX·ORQTJMHKS�f-i@S�klWDj@L@[R^*fgJZWDL\klWnQtHKS-Q�hwS-Q~U�HKJM[@S�WnkRfgi@S
V-YZJMS-Lgfg¬nHTS-Q~hwS-Q�WDLRYMJMLRSPX·W5[@S�Y¿^DL@[¨æcO7S-L¸§IV-V�S-HTH��@S-Q~hwS-QI]7W*f-i��ci@JZV¼i�^nQTS^DV-V�S-HTHKJºU
]@YZS²fgiRQTWDjRNDi¶fgi@S©§IV-V-S-YZS-QT^�fgWnQ�V�WDLgfgQTWnYMH²H�}�H�fgS�X V-WnL@HTWnYMS`^DORO@YMJZV-^*f-JMWDLRHtO@^nNDS-HKCÄ��i@S
æ`L@YZJML@S²��W5[@S-YMH�^nQTS�^DORO@YMJZV-^*f-JMWDLRH0f-i@^*fÄQKS-HTJZ[@StWnL·^`HTJZL@NDYZS � §ICR��i@S�j@HTS�Q�V�^DLPH�f-^DQ~f
f-i@S·OR^DQ�f-JMV-jRYM^DQ`^nO@O@YMJZV-^*f-JMWnL>^nL@[�XW5[@JMk}Â^�X·W5[@S�Y�Wnk�fgi@S^DV�V-S-YMS�QT^*f-WDQKC¹��iRJMHaJZLnU
V-YZj@[@S-H�JMLPX^DLg}ÃJMLRH�fg^nL@V-S-HK½@QTS�^D[@JZL@N`QTS-^nY@^DV-V�S-YMS-QK^*f-WDQ¿O@^nQT^nX·SKf-S-QTH�^nL@[·V�WDXO@^DQKJML@N
f-i@S-X fgW¶fgiRSPQTS-HKj@Yºf-HIWDkÚfgiRSPX·W5[@S�YMC��i@JMHIiR^DHØfgi@SP]7S-LRS-ÓnfàWnkt^DYZYMW��cJMLRNbfgi@SPjRHTS-Q
f-W\X·W5[RJMk}>V¼iR^DQT^nVKfgS�QTJMH~fgJZV-H�klWDQ²f-i@Sa^nV-V-S-YZS-QT^�fgWnQ�f-i@^*fàX^�}>L@W*fàV�WDQTQKS-HTO7WnL@[±fgW\^nL
§�«�Êj���ä[RSKhÚJZV-SaÌ�^DYZJMNnL@X·S�L�fIWDk¿]7S-^nX·YZJML@SIS�YMS-XS-LgfgHT½7klWnQÄJZL@H�f-^DL@V-S�ÍTC

��i@S`æ`O7S-L�§IV-V-S-HKHt��W5[@S�Y0O@QTW�h�JM[@S-H�h�JM^b^·QKSKUT[@JMQKS-VKfgJZWDL\HKS-Q�h�JMV�S�f-i@S`^D]@JZYMJºf�}Pf-W
i@^�hwSb^DLg}ÂV-WDL@HKWDYZSP^DO@O@YZJMV-^�fgJZWDL�QTS|fgQTJZSKhwS`[@^*f-^�klQTWDXÁ^±X·W5[@S�Y¿WDkÕfgi@SP^nV-V-S-YZS-QT^�fgWDQKC
��L©fgiRJMHÚ�®^�}Å½nf-i@S�^DO@O@YZJMV-^�fgJZWDLP[@W5S-H²L@W*fÄµ
L@W�� J�fÙJMH¿QKSKUT[@JMQKS-VKfgS�[P^DL@[QTSKf-QTJZSKhwS-H2[@^*f-^
L@W�fÑklQKWDX f-i@S�QTS-^nYÄ^nV-V-S-YZS-QT^�fgWnQaklQTWnL�fKU�S�L@[Ð]@jmfÑklQKWDX f-i@S�æcO7S-L�§IV-V-S�HTHP��W5[@S-YZC
��i@JZH�O@QTW�h�JM[@S�Ht^©fgS�H�fgJZL@NP]7S-[�klWDQ�^nO@O@YMJZV-^*f-JMWnL@H��cQTJ�fTfgS�L\]7S-klWDQKSc^nV-V-S-YZS-QT^�fgWnQTH�i@^�hwS
]7S-S-L±V-WDXX·JZHTHKJMWDLRS-[@Ctæ`L@V�SÄ^nL\^DV-V�S-YMS-QK^*f-WDQtJZH�QTj@L@LRJML@Nn½�JºfI^DYZYMW��cHtV-WnX·OR^DQTJZHTJZWDL\Wnk
XW5[@S-Y�U�NnS-L@S-QK^*fgS�[¹[R^*fg^®fgW]7S`V-WDXO@^DQKS-[¶fgWQTS-^nY0^DV-V�S-YMS-QK^*f-WDQt§�«�Êj��� [@^*f-^DC

��i@S�[@JMQKS-VKfgWnQ�}ÒV�WDLgfg^DJZL@H\V-W5[RS�klWDQ®fgiRS�]@^nHTS�V-YZ^DHTH ü���ý� �� ; ��ü�� fgi@^�fÑ^nYMY�fgi@S
W�fgi@S-Q�XW5[@S-Y7HTS�Q�hwS-QKH�JZL@i@S-QKJºfÙklQKWDXC���i@S�QTS-H~f©WnkRfgi@S�V-YZ^DHTHKS-H�^DQKSIJML@iRS-QTJ�fgS-[PV-YZ^DHKHTS-H
klWnQ�HTO7S-V-JZÓ@VIX^DV*i@JML@S�HTC � QKS-HTS-LgfgY�}Å½nf-i@S`X·W5[@S�YMS-[\X^DV*i@JZL@S-H�JML@V�YMj@[@S©æcLRYMJMLRSÄ��W5[nU
S-YZHaklWnQ�fgiRS\��^DJZL���Ln�|S-VKf-WDQa�� `SKÝÈYMJZL@S-½Õfgi@S\��^nJML���Ln�|S�VKfgWnQT½2f-i@S\e�S-VK}�V-YMS�QT½Úfgi@S
«�WnYMYMJZ[@S-QK½¿^DL@[¹fgi@SP�2SKh�^*f-QTWDL¨^DL@[¸�n�cJºf-V¼ig}w^DQK[�JML Ç J�ÛÚS�[��4^nQTNDS|fÃXW5[@S-C Ç WDQØfgi@S
æ`O7S-L�§©V-V-S-HKH��@S-Q�hwS�QT½
f-i@S-QKSaSKÛ�JMH~f�}�¡0�DS-Q~hwS±Ì fgi@S`O@QKW*f-W*f�}ÚO7SPæI§©�ÁklWDQ�fgi@Sb��^DJML
e�JML@NP� `SKÝ#YZJML@S-½�L@W��#WD]RHTWDYZSKfgS�Í�^DL@[àfgi@S`��^DJZL��|Lm�|S-VKfgWnQTC
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��i@JZH¿HTS�VKfgJZWDL©�cJMYZY�^�fTf-S-X·Omf¿fgWIHKj@XX·^nQTJ���S2fgiRS�V-YMJZS-L�f-¬DHKS-Q�hwS-Q0^nO@O@YZJMV-^�fgJMWnLaS-Lgh�JMQTWnLnU
XS-Lgf©jRHTS-[klWDQÕfgi@SIæ`L@YZJML@S���W5[RS-Y�^nL@[bfgWbHTWnX·SIS|Û�f-S-L�f�fgi@SIæ`O7S-L\§©V-V-S-HKH�«�YZJMS-LgfgC
��i@S�QTS²�cJZYMY7]7SI^a[@S�HTV-QKJMOnf-JMWDL±WDkRfgiRSI[@^*f-^D]@^nHTSØfg^n]@YMS©H�fgQKj@VKf-j@QTSI^nL@[�j@HT^nNDSI^nH��®S-YZY
^nH·^¸[@S-HKV-QTJZOnfgJZWDLÞWDk²f-i@S�V�YMJMS�L�f-¬DHTS�Q�hwS-Q`i@^nL@[@HTiR^Dµ
JML@N�ORQTW5V-S-HKH·jRHTS-[�klWDQO@^DHKHTJMLRN
XS-HTHK^DNnS-HTC

��i@SPHKS-Q�hwS-Q©HTWDkf��I^DQTSPJZHI[@SKhwS�YMWDO7S-[±f-W\X^Dµ5SPj@HKSPWDkt«�É�Éa^nV-V-S-YZS-QT^�fgWDQ©X·W5[@S�YºU
JZL@N\V-W5[@S[@SKhwS�YMWDO7S-[�ORQTJMX^DQKJMY�}¨]g}»¡0S�W¹��JZV¼iRS-YMW�fTfgJ0^nL@[¸¾5JMXÈÀ©WDYºf-½�fgiRSPO@j@]@YZJMV-Y�}
^�h�^DJZYM^D]RYMStHKW5V¼µ5S|f É�É HKW5V¼µ5SKftYMJZ]@QT^nQ�}·^DLR[P^DLPJMLmU�i@Wnj@HTS��cQK^DO@O7S-Q�V-YM^nHTH2WDL©fgiRS��n}Ú]R^DHTS
æ`O7S-L�«�YMJZS-LgfcYMJM]RQT^DQKJMS-HKC`�4WnNDSKf-i@S-QT½wfgi@S-HKSaX^Dµ5Sb^Æh�^nJMYM^n]@YMSÙh�^DQTJZWDj@H©X·W5[@S�YMHIWnk¿^DVKU
V-S�YMS-QK^*fgWnQTHKCÖ��iRS�O@QKJMX^DQ�}äV-YZJMS-LgfTUTHTJZ[@S\HKWDkf��®^nQTS�iR^DH\]7S-S-Lå[RSKhwS-YMWnO7S-[Ñ�cJºfgi�fgi@S
§�«�Êj���åV-WDLgfgQKWDYZHtH�}�H�f-S-X JMLX·JZL@[@½�]Rjnftf-i@S-QTS©JMHtLRW*fgiRJML@NPJZL@i@S-QKS-L�fÄJZLbfgi@S©HTS-Q~hwS-Q
HKJM[@Sbf-i@^*fP�IWDj@YZ[�[@JZHT^DYZYMW�� ^DLRW*fgiRS-Q`f�}�O7S\WDk� `GI�`^DORO@YMJZV-^*f-JMWDLÑf-W�V-WnX·XPj@LRJMV-^�fgS
�cJ�fgiÃfgi@S\HKS-Q�hwS�QTC���iRS·WnL@Yº}ÂQKS-Î�jRJMQTS�X·S-LgfI�IWDj@YZ[>]7Sbf-i@^*fbfgi@S `GI�I^DORO@YMJZV-^*f-JMWDL
�IWDj@YZ[¹LRS-S-[�^DV-V�S-HTH�f-W`f-i@S`X·W5[@S�Y0[@^*f-^D]@^nHTSaHKS-Q�hwS�QTC

��i@S�V�WDXXPj@L@JMV�^*fgJZWDL¨�cJ�fgi»fgi@S�HKS-Q�hwS�Q\JMH�[@WDL@SÃfgiRQTWDjRNDiq��« � ¬D� � HTW5V*µ5SKfgH
f-i@QTWnj@NDi¶�ci@JZV¼i\§©�@«��T��XS-HTHK^DNDS�H�^DQTS`O@^nHTHKS-[�]@^DV*µ·^nL@[�klWDQ~fgi@C���WnH�fcWDkªfgiRSIX·S�H�U
HK^DNDS�Hc^nQTSj@HTS�[>^nHcQKS-Î
j@S-H�f-HIklWDQ`V-^nYMV-jRYM^*f-JMWnL@HTCy}�W�fgiÃfgi@SPV�YMJMS�L�f-HÄ^nL@[�fgiRSPHTS-Q~hwS-Q
i@^�hwSP^nV-V-S-HKH�fgW�^�[@^*f-^D]@^nHTS�HTS-Q~hwS-Q²�ci@JZV¼i¸^DV|fgH`^DHb^DL�JZL�f-S-QTXS-[@JZ^DQ�}>klWnQ�fgiRS·SKÛ
U
V*i@^DLRNDSWDk�fgiRS·^nVKfgj@^nYtV-^nYMV-jRYM^*f-JMWnL�QTS-HKj@Yºf-HTC���i@JZHc[R^*fg^n]@^DHKS�HTWDYZjnfgJZWDLÃ�®^nHaklWDjRL@[
f-W>]7S�XPj@V*iÞkl^DH�f-S-Q®fgi@^nL¨fgQ�}�JMLRN�f-W>H~fgj@Ü YM^nQTNDS�H~fgQKj@VKfgjRQTS-HWDkI[R^*fg^¹fgi@QKWDj@Nniå^
��« � ¬D� � HTW5V*µ5SKf-Ct§ [@JM^nNDQT^nX Wnk
f-i@JMH²V-WDXXPj@L@V-^�fgJZWDLPHTV*i@S-XS�JMH�HKi@W��cL\JML Ç JMNnj@QTS
E��DC¦E�C

�2W·]7SKfKfgS-Q�h�JMHKj@^DYZJ��-S�fgi@S`JZL�f-S-QTO@YZ^�}Ñ]7SKf��®S�S-LbfgiRScjRHTS-QK½Rfgi@SIX^DH~fgS-QK�@S-Q~hwS-Qt^nL@[
f-i@SÄ^nV-V-S-YZS-QT^�fgWnQ�XW5[@S-YZ½7^�fgJZX·S�YMJMLRS�WDkRfgiRSÄXW5[@S-Y7H�f-^DQ~fgj@O�JMH�NnJºhwS-LJML�4^n]@YMSPE*�DCFE*C

§�fPfgi@JZH·O7WDJZL�f-½�f-i@S�^nV-V-S-YZS-QT^�fgWnQ�UTHTO7S-V-JZÓ@V�X·W5[@S�Y�JMHL@W��ß^>HKS-O@^nQT^*f-S�O@QKW5V-S-HKH
V-WnX·XPjRL@JMV-^�fgJZL@N��cJ�fgi¶fgi@S`j@HKS-Q�^DLR[�HT^�fgJZHTk}�JML@NPQKS-Î�jRS-H�f-HTC

��i@S-QKS`SKÛÚJZH�f-H�JML¶fgi@S`XW5[@S-Y0[@^�fg^n]@^DHKS-½�fg^n]@YMS�H�QTS-O@QKS-HTS�L�f-JML@N©f��cJMHKH�[@^*f-^D½2WDQK]@Jºf
[@^�fg^n½aYMJZH�f-H\WDk`S-YZS-X·S�L�f-HP^DL@[ V-JMQKV-j@J�fgHklWDQ\S-^nV¼iåWnkØfgi@S�YZ^*fTf-JMV-S�H·Wnk�f-i@S±h�^DQKJMWDjRH
XW5[@S-YZHTC`��i@S-HKS�fg^n]@YMS�HÄ^nQTSaV�WDL@H~fgQTjRVKfgS-[�klQTWnXÈ[@S-HKJMNnL�O@^nQT^DXSKf-S-QTH��ci@S-L@S|hwS-Q�fgi@S
[@S�HTJMNnL>XW5[@S-Y�V¼i@^nL@NDS�Heâ��ci@JZV¼i�JMHØf�}ÚORJMV-^nYMYº}�L@W*f`hwS-Q~}»WDkf-S-L@C\��iRS-HTS©f-^D]@YZS-H`^DQTS
j@HKS-[`^DHªfgi@S�H~fg^DQ~fgJZL@NÄO7WnJMLgf�klWDQRfgiRS�XW5[@S-Y5HKW�f-i@^*ftX^DHTHKJºhwS¿V�^DYMV�j@YM^�fgJMWnL@H0WDkgh�^DQKJMWDjRH
^nV-V-S-YZS-QT^�fgWDQ©O@^DQK^DXSKfgS-QKH`[@W�L@W*f\i@^�hwS©fgW�]7S·O7S-QKklWDQTXS-[¸^*f·H�f-^DQ~fgj@O@CàÔÖi@S-LÃfgi@S
X^DV*i@JMLRSKU�HKO7S-V-JMÓRV¹XW5[@S-Y�JZH·H~fg^nQ�fgS�[@½`^�V-WDOg}ÒWnkcá�hÚJZSK�cátWnkØfgi@S�YM^*fKfgJZV-S¶fg^D]RYMS-HJMH
X^D[@S©klWDQ2f-i@SIj@HKS-QTC���Lbf-i@JMHÕ�®^�}Å½Åfgi@SIjRHTS-Q²JMHtJZL@HTjRYM^*f-S-[\klQKWDX V¼i@^nL@NDS�H2fgiR^*fcW*f-i@S-Q
j@HKS-QTH�V-WDj@YZ[P]7S�X·^nµ�JZL@N²fgW©^DL@W�fgi@S-Q�XW5[@S-Y
WDkyfgiRS�HT^DXS�^DV�V-S-YMS�QT^*f-WDQKC���iRJMH�V-WDOg}·JMH
X^DJZL�f-^DJMLRS-[\^DH�YZWDL@NP^nH�f-i@SIj@HKS-Q�L@S-S�[@H2f-i@SØfg^D]RYMS-HKC�æcLRV-S²fgiRSIV-WDXXPj@L@JZV-^*f-JMWnL\JMH
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X^DH�f-S-QT�RS-Q�hwS-QÁYZJMH~fgS-L@JZL@N
fgWPO7WnQ�fazD�D�n�

L@WDLmU�SKÛ�JMH~fgS-Lgf

��W5[@S�Y0H�fg^nQ�f-j@O�QKS-Î�jRS-H�f-C � ^nQTHTS�H�X·S�HTHT^nNDS¨f-W×[@SKU
fgS�QTXJML@S²�ciRJMV*i¹XW5[@S-Y2JMH
QTS�Î�j@S�H�fgS�[ ^nL@[ klWDQKµ�H�^
O@QKW5V-S-HTH fgW H�fg^nQ�f fgi@^�f
O@^nQ�fgJZV-j@YZ^DQ�XW5[@S-YMC

Ç JMNnj@QTS�H Wnjnf �ci@^�f
[@^*f-^D]@^nHTS HTYZW*f JMH×WnO7S-L
^DL@[ j@HTS�Hqf-i@^*fß^nH ^nL
WDÜ7HTS|f#klQTWnX O7WDQ~f#zD�n�D�
klWDQ`Jºf-áMH�V-WDXXPj@L@JZV-^*f-JMWnL@C
�âfØJZL@klWDQKX·H¿X^DH~fgS-QK�@S-Q~hwS-Q
WDk2Jºf-H�OwWnQ�f-C

� ^nHTHTS�H0X·W5[@S�Y5OwWnQ�ftL�jRX`U
]7S-Q�WDLàfgWPj@HKS-QTC

GIHKS-QIHKOwS�V-JMÓ@S�H�f-W�X·W5[@S�Y
�ci@^�fÙYM^�fTf-JMV-SÚfgW©j@HTS²klQTWDX
JZL@Jºf-JM^DYZJ��-^�fgJZWDL@C

��W5[@S-YÞJMLRJºfgJZ^DYZJ��-S-HÂ�cJºfgi
j@HTS�Q�UTHTO7S-V-JZÓ@S-[ YZ^*fKfgJMV�S-C
��i@JMH S�L�f-^DJMYZH V-WDOg}�JML@N
[@^*f-^D]@^nHTSåYZ^*fTf-JMV-S¹fg^D]RYMS-H
JMLgfgW×^qO@^nQ�f-JMV-j@YZ^DQÑh�JMSK�
klWDQØfgiRS\j@HTS�QT½�HTWàfgi@^�fÃJML
S-HTHKS-L@V-S�fgiRSIj@HTS�Qti@^nH�i@JMH
W��cL¹XW5[@S-YZC

�2^D]RYMS·E*�nC¦Eä����W5[@S-YRf-JMXS-YMJZL@S�klWDQ�H�fg^nQ�f-j@O@C
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Accelerator model

Unix

VMS

Model database server

Console Applications

(via UL_MODEL)

Ç JMNnj@QTS·E��DC¦E��Ä«�YZJMS-Lgfg¬n�@S-Q~hwS-QT¬n{I^*f-^D]@^nHTSIV-WnX·XPjRL@JMV-^�fgJZWDL@C

]@QKWDµ5S-LR½nfgi@S�f-^D]@YZS-H�^DQKS�fgQTjRL@V-^*f-S-[^DL@[®fgi@S�[R^*fg^n]@^DHKSIHTYZW*fÄJMH�klQTS-S-[PjROPklWDQ�^DL@W�fgi@S�Q
j@HKS-QTC

§IHIYZWDL@N±^DHØfgi@S�QTSa^nQTSPL@W�V*i@^DLRNDS-H²f-W¶fgi@SbH�fgQKS-L@N�fgi@H`WDkÚf-i@SPX·W5[RS-Y¿]7S-^DXYMJZL@S
S-YZS-XS-L�f-HT½gfgi@S�HTS�fg^D]RYMS-H¿QKS-O@QKS-HTS-Lgf¿f-i@SÄ^nV-V-S-YZS-QT^�fgWnQ¿O@^DQK^DXSKfgS�QTH�klWDQÚfgiRSÄO@^nQ�f-JMV-j@YZ^DQ
YZ^*fTf-JMV-S�Cäæ`L@V-S�^>V*i@^nL@NDS�JMHX·^n[@Sf-W�^>X^DNnL@SKf-JMV�S�YMS-XS-LgfÃJMLÑf-i@S�XW5[@S-YZ½²fgi@S
á�fgQTjRS-áÄ^nV-V-S-YZS-QT^�fgWnQ·O@^nQT^nX·SKf-S-QTH±^DL@[»fgi@WnHTS�JZL¨fgi@S�[@^�fg^n]@^DHKS�f-^D]@YZS-H\^DQKS�WDjnf>Wnk
H~}ÚL@V�C�ÔÖi@S�LfgiRScjRHTS-Q�^DHKµ�H�klWDQ����cJMHKHÄO@^nQT^nX·SKf-S-QTHK½4^nkfgS-Q�X^Dµ
JMLRN·^V¼iR^DL@NnS-½Rfgi@S
XW5[@S-Y�QTSKUTV-^nYMV-j@YZ^*f-S-H·LRSK�����cJMHTH±O@^DQK^DXSKfgS-QKH·^nL@[å]@j@YZµÐV-WnO@JMS�H`f-i@S-X JMLgfgWÃfgi@S
j@HKS-QTáZHÄ[R^*fg^n]@^DHKS©hÚJZSK�cCIGIO7[@^�fgS-H�fgW®fgiRS�fg^n]@YMS�HÄ^nQTSaLRW*fà[@WnL@SajRL@YMS-HKH�f-i@S`j@HTS�QÄ^nÍ
V*i@^DLRNDS-Hb^¹X^DNnL@SKf-JMVS-YMS-XS-LgfàJMLÃfgiRS·XW5[@S-Y�^DLR[�]@ÍaQKS-Î
j@S-H�f-H`^DV-V-S�YMS-QK^*fgWnQ`[@^*f-^
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